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(57) ABSTRACT

A method of fabricating a turbine engine drum including at
least two rotor disks, the method including: positioning the
two disks on a common axis spaced apart from each other and
in a predetermined angular position relative to each other;
placing a wall forming a body of revolution between the two
disks coaxially about their common axis; driving the wall in
rotation about its axis; and moving the disks axially towards
the wall so as to put the disks into contact with ends of the wall
and thus welding the disks to the wall by inertial friction
welding.

4 Claims, 1 Drawing Sheet
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1
METHOD OF FABRICATING A TURBINE
ENGINE DRUM

BACKGROUND

The present invention relates to a method of fabricating a
turbine engine drum, and to such a drum forming part of a
low-pressure turbine.

In the prior art, a low-pressure turbine drum comprises at
least two rotor disks on a common axis that are connected to
each other by a substantially cylindrical or frustoconical wall
forming a body of revolution that is coaxial about the com-
mon axis. Hach drum has an upstream flange and a down-
stream flange for fastening the drum to upstream and down-
stream drums, respectively. The radially outer periphery of
each disk has slots for axially receiving and radially retaining
the roots of rotor blades.

Radially extending wipers are formed on the outer surface
of the wall and they co-operate by rubbing against blocks of
abradable material to form labyrinth type seals. These blocks
of material are carried by the radially inner peripheries of
stator vanes that are interposed between the rotor blades.

The low-pressure turbine drum may be made by welding an
upstream disk to a downstream disk carrying the wall by
using inertial friction welding. The first step consists in form-
ing the slots in the outer periphery of the upstream disk, and
then a second step consists in setting the upstream disk car-
rying the wall into rotation and in applying axial force to the
second disk so that the free end of the wall becomes welded
with the first disk by inertial friction welding. In a last step,
the slots are made in the outer periphery of the second disk by
broaching.

In order to improve the performance of the turbine and
reduce its sound emission, it is known to establish multi-stage
aerodynamic coupling between two consecutive sets of rotor
blades that are spaced apart from each other by a set of stator
vanes (a technique known as “clocking™). This coupling con-
sists in angularly positioning the set of blades on the down-
stream rotor relative to the set of blades on the upstream rotor
in such a manner that the wakes formed at the trailing edges of
the upstream blades impact against the leading edges of the
downstream blades with some specified tolerance. Thus, so
far the drum is concerned, this leads to the slots in the down-
stream disk being broached in such a manner that they are
offset in a circumferential direction through a certain angle
relative to the slots in the upstream disk. Such aerodynamic
coupling is described in detail in prior patent application FR
07/08710 in the name of the Applicant.

Nevertheless, such determined angular positioning of the
two disks of a drum is possible only when the outer periphery
of the downstream disk presents a diameter that is signifi-
cantly greater than that of the upstream disk so that it is
possible to perform broaching therein after welding. In con-
figurations in which both disks have substantially the same
diameter, it is impossible to perform broaching in the second
disk after it has been welded because of the length of the
broaching tool. Under such circumstances, the broaching
operation must be performed before performing friction
welding, and it is no longer possible to achieve accurate
angular positioning of the slots in the second disk relative to
the slots in the first disk.

Furthermore, in the prior art, the wall forming a body of
revolution is made of the same material as the disks, e.g. such
as NC19FeNb, which means that it is not possible to achieve
accurate control over the collapse of material in the weld zone
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(i.e. the quantity of material that deforms under the effect of
temperature). This leads to inaccuracy in the relative axial
positioning of the two disks.

BRIEF SUMMARY

A particular object of the invention is to provide a solution
to atleast some of these problems that is simple, effective, and
inexpensive.

The method provides a method of fabricating a drum that
makes it possible to achieve predetermined angular position-
ing of two disks of a drum, regardless of the radial sizes of the
disks.

To this end, the invention provides a method of fabricating
aturbine engine drum, the drum comprising at least two rotor
disks on a common axis, each having slots in its outer periph-
ery for receiving blade roots, the method being characterized
in that it comprises the steps consisting in:

positioning the two disks on a common axis spaced apart

from each other and in a predetermined angular position
relative to each other;

placing a wall forming a body of revolution between the

two disks coaxially about their common axis;

driving the wall in rotation about its axis; and

moving the disks axially towards the wall while maintain-

ing them in their predetermined angular position relative
to each other so as to put the disks into contact with the
ends of the wall and thereby weld the disks to the wall by
inertial friction welding.

Unlike the prior art, only the wall constituting a body of
revolution is driven in rotation, thus making it possible for the
two disks to be angularly positioned relative to each other
very accurately and to be maintained in this angular position.
It is thus possible to achieve aerodynamic coupling between
the disks of a drum regardless of their radial dimensions, and
in particular when the two disks are of similar radial dimen-
sions.

Advantageously, the welding step comprises a first stage in
which the disks rub against the ends of the rotating wall
during the time needed for the weld zones to reach their
forging temperature, and a second stage in which axial thrust
is applied to each of the disks in order to perform the welding.

This two-stage welding step makes it possible firstly to heat
up the zones for welding by the ends of the wall rubbing
against the disks, and then to secure the wall to the disks by
applying axial thrust. In this way, it is possible to obtain
control over the relative axial positioning of the disks that is
better than in the prior art.

According to another characteristic of the invention, after
the disks have been welded, the method consists in machining
the weld zones in order to return their thickness to a prede-
termined value.

According to yet another characteristic of the invention, the
method is performed on disks that do not have blades fitted
thereto.

The invention also provides a turbine engine drum such as
a low-pressure turbine drum, comprising two rotor disks on a
common axis connected to each other by a wall forming a
body of revolution, the drum being characterized in that the
ends of the wall are fastened to the rotor disks by inertial
friction welding by performing the method as described
above in such a manner that the disks are in a predetermined
position relative to each other.

Advantageously, the wall is made of a material that is
different from the material of the rotor disks. This is made
possible by the fact that the wall constituting a body of revo-
Iution is initially not secured to either of the two disks. This
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makes it possible for the wall to be made out of a material that
is less expensive than that used for making the disks, e.g. such
as a nickel-based alloy that satisfies less strict mechanical
criteria than the alloy used for making the disks.

According to yet another characteristic of the invention, the
disks and the wall are made out of nickel-based metal alloy.

The invention also provides a turbine engine such as an
airplane turboprop or turbojet, which engine includes at least
one drum as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be better understood and other details,
advantages, and characteristics of the invention appear on
reading the following description made by way of non-limit-
ing example and with reference to the accompanying draw-
ing, in which:

FIGS. 1 and 2 are fragmentary section views of two prior
art low-pressure turbine drums; and

FIG. 3 is a fragmentary diagrammatic view showing the
assembly of a low-pressure turbine drum of the invention.

DETAILED DESCRIPTION

In conventional manner, a turbine engine comprises from
upstream to downstream: low-pressure and high-pressure
compressors, a combustion chamber ejecting burnt gas into a
high-pressure turbine, and then into a low-pressure turbine.

The low-pressure turbine comprises a plurality of rows of
stationary stator vanes 10 arranged in alternation with mov-
able rotor blades 12.

The turbine rotor is made up of a plurality of drums 16
fastened to one another. Each drum comprises two disks on a
common axis, an upstream disk 18 and a downstream disk 20,
each having slots 22 in its outer periphery for axially receiv-
ing and radially retaining the roots of rotor blades 12, 14.
Each disk 18, 20 includes a balance hub 24 in its radially inner
portion.

The two disks 18 and 20 are connected to each other by a
wall 26 forming a body of revolution that includes wipers 28
on its outer surface for co-operating with a block of abradable
material 30 carried by the radially inner ends of a row of
stationary stator vanes 10 that are interposed between two
rows of movable blades 12 and 14 carried by the disks 18 and
20. The radially outer ends of the stationary vanes 10 are
carried by an outer annular casing of the turbine (not shown).

The drum 16 includes a flange 32 formed on the upstream
disk 18 and extending upstream, and a downstream flange 34
formed on the downstream disk 20 and extending down-
stream, the flanges serving to fasten the drum 16 to upstream
and downstream drums, respectively.

In the prior art, in order to make a drum 16, the upstream
disk 18 is subjected to a broaching operation in order to form
the slots 22 in its outer periphery, and then it is held stationary
while the downstream disk 20 carrying the wall 26 is driven in
rotation and moved axially so that the upstream free end of the
wall 26 comes into contact with the upstream disk in order to
provide a bead of welding 36 by inertial friction. The down-
stream disk 20 is then subjected to a broaching operation in
order to form its slots 22 in its outer periphery.

Performing the broaching in the downstream disk 20 after
it has been fastened to the upstream disk 18 makes it possible
to ensure that the upstream and downstream slots 22 are
angularly positioned relative to one another in a predeter-
mined position that is selected so as to achieve multi-stage
aerodynamic coupling as mentioned above.
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Nevertheless, broaching can be performed after welding
only with a drum 16 of the kind shown in FIG. 1, where the
upstream disk 28 has a diameter that is considerably smaller
than the diameter of the downstream disk 20.

With two disks 40 and 42 that are of similar diameter, as
shown in FIG. 2, it is impossible to perform broaching on one
of'the disks after welding, which means that it is not possible
to optimize the performance of the turbine and reduce its
sound emission by multi-stage aerodynamic coupling.

The invention enables this drawback to be remedied as well
as those mentioned above by using a wall forming a body of
revolution that is independent of the disks, with this wall
being caused to rotate and with the two disks being put into
contact with the ends of the wall by moving the disks axially
s0 as to weld them to the wall by inertial friction.

The method of the invention as shown diagrammatically in
FIG. 3 consists in placing two disks 46 and 48 that do not have
blades on a common axis and at a distance apart from each
other. Each disk 46, 48 has slots 22 in its outer periphery, and
the disks 46, 48 are positioned angularly relative to each other
so that the slots 22 of the upstream disk 46 are offset in a
circumferential direction through a determined angle relative
to the slots 22 in the upstream disk 48 in order to optimize the
performance of the engine.

In a second step, a wall 50 forming a body of revolution is
placed between the two disks 46 and 48 on their common axis
and it is driven in rotation about its axis.

The two disks 46 and 48 are then welded to the axial ends
of'the wall 50. This welding step takes place in two stages, the
first of which consists in moving the disks 46 and 48 towards
the ends of the wall 50 until they rub against those ends. This
first stage serves to increase the temperature of the weld zones
progressively up to their forging temperature. In a second
stage, axial thrust (arrows A) is applied to the two disks 46 and
48 so as to press them against the wall 50 and thus perform
welding by inertial friction.

By dissociating the movements in rotation and in transla-
tion over two different parts, i.e. by no longer axially moving
the rotating part, it is possible to guarantee better control over
the material that is consumed in the welding zone and thus to
achieve better axial positioning of the two disks 46 and 48
relative to each other. This is further improved by performing
the welding step in two distinct stages, as described above.

The method of the invention leads to weld beads being
formed at the welded ends of the wall 50 and to an increase in
the thickness of this wall. The wall can then be machined in
order to return its thickness to a predetermined value.

In certain embodiments, the disks 46 and 48 are made of
nickel-based alloys that are known for their ability to with-
stand high temperatures of the kind that are to be found in a
turbine. Nevertheless, that type of material is very expensive.
The method of the invention makes it possible to use a wall 50
that is made of a material that is different from the material of
the turbine disks 46 and 48. Thus, the wall 50 may be made of
a material that is less expensive than the material used for the
disks 46 and 48. Alternatively, it is possible to make the
upstream and downstream disks and the wall forming a body
ofrevolution out of the same material, such as for example the
alloy NC19FeNb. Nevertheless, the alloy used for making the
wall may comply with mechanical criteria that are less severe,
as a result of being subjected to fewer treatment operations,
e.g. heat treatment operations, than those to which the alloy
used for making the disks is subjected.

Although the method of the invention is described with
reference to a low-pressure turbine drum 52, it is equally



US 9,073,155 B2

5

applicable to a turbine engine compressor such as a high-
pressure compressor in which the rotor disks are connected
together in a similar manner.

The invention claimed is:

1. A method of fabricating a turbine engine drum, the drum
including at least two rotor disks on a common axis, each of
the two disks having slots in its outer periphery for receiving
blade roots, the method comprising:

positioning the two disks on the common axis spaced apart

from each other and in a predetermined angular position 10

relative to each other;

placing a wall forming a body of revolution between the
two disks coaxially about the common axis;

driving the wall in rotation about its axis while the two
disks are in contact with the wall;

after the driving the wall, moving the disks axially towards
the wall while maintaining the disks in the predeter-
mined angular position relative to each other so as to put
the disks into contact with ends of the wall and thereby

5

6

weld the disks to the wall by inertial friction; and the
welding comprises a first stage in which the disks rub
against the ends of the wall during a time needed for the
weld zones to reach their forging temperature, and a
second stage in which axial thrust is applied to each of
the disks to perform the welding, thereby forming the
turbine engine drum.

2. The method according to claim 1, further comprising
machining zones that are welded to return their thickness to a
predetermined value.

3. The method according to claim 1, wherein the disks do
not have blades fitted thereto during the inertial friction weld-
ing.

%l. The method according to claim 1, further comprising:

forming the slots in the outer periphery of each of the two
disks before the positioning the two disks on the com-
mon axis.



